Abstract
The Taylor Mountains pluton is a Late Cretaceous to early Tertiary (median age 65+2 Ma) epizonal, composite biotite granite stock located about 235 km (145 mi) northeast of Dillingham in southwestern Alaska. This 30 km 2 (12 mi 2 ) pluton has sharp and discordant contacts with hornfels that developed in Upper Cretaceous clastic sedimentary rocks of the Kuskokwim Group. The three intrusive phases in the Taylor Mountains pluton, in order of emplacement, are (1) porphyritic granite containing large K-feldspar phenocrysts in a coarse-grained groundmass, (2) porphyritic granite containing large K-feldspar and smaller, but still coarse, plagioclase, quartz, and biotite phenocrysts in a fine-grained groundmass, and (3) fine-grained, leucocratic, equigranular granite. The porphyritic granites have different emplacement histories, but similar compositions; averages are 69.43 percent SiO 2, 1.62 percent CaO, 5.23 percent FeO+MgO, 3.11 percent Na 2 O, and 4.50 percent K 2 O. The fine-grained, equigranular granite is distinctly felsic compared to porphyritic granite; it averages 75.3 percent SiO 2 , 0.49 percent CaO, 1.52 percent FeO+MgO, 3.31 percent Na 2 O, and 4.87 percent K 2 O. Many trace elements including Ni, Cr, Sc, V, Ba, Sr, Zr, Y, Nb, La, Ce, Th, and Nd are strongly depleted in fine-grained equigranular granite. Trace elements are not highly enriched in any of the granites. Known hydrothermal alteration is limited to one tourmaline-quartz replacement zone in porphyritic granite. Mineral deposits in the Taylor Mountains area are primarily placer gold (plus wolframite, cassiterite, and cinnabar); sources for these likely include scattered veins in hornfels peripheral to
Introduction
This study reports field relations, petrology, major-and trace-element data, and one new Ar-Ar age for the granite pluton in the Taylor Mountains, southwestern Alaska. This pluton is part of a regionally extensive suite of Late Cretaceous and early Tertiary igneous rocks widely developed in Alaska (Moll-Stalcup and others, 1994; Bundtzen and Miller, 1997) . Reifenstuhl and others (1985) compiled field observations and reported some major-element data and K-Ar ages for the Taylor Mountain pluton.
The Taylor Mountains are a 200 The Taylor Mountains are an area of resistant hornfels  intruded by a 30 km  2 (12 mi 2 ) granite pluton. The hornfels is developed in clastic sedimentary rocks of the regionally extensive Upper Cretaceous Kuskokwim Group (Cady and others, 1955; Decker and others, 1994; Miller and others, 2006) . Cordierite bearing spotted hornfels is found locally near the contact; the hornfels aureole extends for several kilometers and gradually decreases in grade away from the contact.
The Kuskokwim Group was deposited mainly as turbidites in a basin underlain by a variety of older basement terranes (Decker and others, 1994 Miller and others, 2006) . In the area of Figure 1 , the nonhornfels Kuskokwim Group south of Taylor Creek is a thick section of mudstone, siltstone, and fine-to medium-grained lithic sandstone, moderately deformed into broad, open folds.
Taylor Mountains Pluton
The Taylor Mountains pluton is a 5 by 6.5 km (3 by 4 mi) granite stock, slightly elongate in a northwest-southeast direction ( fig. 2 ). The contacts with surrounding hornfels are sharp, discordant, and appear to be steep to moderately steep, dipping away from the pluton; however, the northwestern contact, near benchmark "Spike" (northwest corner, fig. 2 ), dips shallowly north, just below the ridgeline, for about 3 km (2 mi). A small roof pendant of hornfels (unit Kk) is present on the north side of elevation 3,581, the highest peak in the Taylor Mountains ( fig. 2) .
The composite Taylor Mountains pluton contains three intrusive phases ( fig. 2) . The earliest phase is porphyritic biotite granite containing large K-feldspar phenocrysts scattered through a medium-to coarse-grained groundmass. This phase lies on the north-northeast side and makes up approximately 40 percent of the exposed pluton ( fig. 2) . Most of the remainder of the pluton is porphyritic biotite granite containing large K-feldspar phenocrysts in a fine-grained groundmass. The latest intrusive phase is a small body of fine-grained, equigranular biotite-muscovite granite in the pluton's interior ( fig. 2) .
The pluton's internal contacts all appear to be sharp and intrusive, although they were not directly observed in outcrop. The porphyritic granite containing a coarse-grained groundmass is interpreted as the oldest phase because it is cut by dikes ( fig.  2 ) that have textures similar to the other two phases. These dikes are primarily fine-grained granite that is texturally and chemically similar to the fine-grained granite phase ( fig. 2 ). One dike of porphyritic granite containing a fine-grained groundmass was observed to cut porphyritic granite containing a coarsegrained groundmass (locality 1, fig. 2 ). The fine-grained granite is interpreted as the youngest phase because of its location within the pluton and its fine-grained equigranular texture.
Porphyritic Granite Containing Coarse-Grained Groundmass
Large, white, euhedral K-feldspar phenocrysts-commonly 6 cm (2.5 in) long, but ranging in length from 3 to 12 cm (1 to 5 in)-make up 10 to 15 percent of this biotite granite ( fig. 3 ). The phenocrysts are scattered through a medium-to coarse-grained hypidiomorphic equigranular groundmass of biotite, quartz, plagioclase, and anhedral K-feldspar. The K-feldspar phenocrysts are weakly to moderately aligned in some places. Aplitic segregations and rare tourmaline clots are locally present.
The K-feldspar phenocrysts are perthitic and have inclusions of plagioclase, quartz, and biotite. Biotite, which constitutes 5 to 10 percent of this granite, is as much as 0.5 cm (0.2 in) across, dark red brown, and scattered through the groundmass as discrete intergranular grains. Plagioclase is subhedral and not zoned. Zircon is the accessory mineral in this phase; it occurs as subhedral to euhedral intergranular grains and as small inclusions in biotite. Zircon in biotite lacks well-developed pleochroic halos. Minor muscovite incompletely replaces biotite and some plagioclase in places, and it also forms a few intergranular grains associated with small, opaque grains that may represent completely replaced biotite.
Granitic dikes locally intrude this phase ( fig. 2 ). These dikes are primarily fine-grained equigranular granite (for example, sample AH-21, table 1) measuring as much as several meters (tens of feet) wide. A thicker (6 m, 20 ft) dike (locality 1, fig. 2 ) is porphyritic granite containing a fine-grained groundmass. Small tourmaline-bearing quartz veins are associated with some fine-grained granite dikes. Xenoliths, other than hazy, biotite-rich patches, were not observed in the dikes.
Porphyritic Granite Containing Fine-Grained Groundmass
K-feldspar phenocrysts in this phase of the Taylor Mountains pluton are similar to those in the porphyritic granite containing coarse-grained groundmass. The K-feldspar phenocrysts are large, white, and euhedral; they are commonly 6 to 8 cm (2.4 to 3 in) long, but locally exceed 9 cm (3.5 in). However, these phenocrysts are slightly less abundant than those in the other porphyritic phase (5 to 10 percent), and they are not generally aligned. The large K-feldspar phenocrysts, accompanied by phenocrysts of much smaller, but still coarse plagioclase, quartz, and biotite (to 0.5 cm across) are scattered through a fine-grained, hypidiomorphic, equigranular groundmass ( fig. 4) . Small biotite-rich clots and scarce, thin tourmaline-bearing quartz veins are locally present. The jointing in this phase appears to be more closely spaced than that in the coarse-grained-groundmass porphyritic granite.
The K-feldspar phenocrysts are perthitic and include some plagioclase, quartz, and biotite. The biotite is dark red brown and occurs as both coarser, subhedral grains and as smaller, somewhat shreddy grains in the groundmass. The coarser plagioclase grains display some growth bands along their outer margins, but are not strongly zoned. The K-feldspar in the groundmass is mostly anhedral. Zircon occurs as inclusions in biotite (without strong pleochroic halos) and as intergranular, subhedral to euhedral grains. Anhedral and intergranular sphene is present in trace amounts. Muscovite irregularly replaces biotite and clouds parts of some plagioclase crystals. Ga  25  22  23  24  21  22  21  19  20  19  Cu  3  29  4  11  15  19  9  1  2  0  Zn  103  103  93  103  93  96  53  30  50  50  Pb  18  19  16  19  18  19  13  15  17  17  La  37  34  36  35  31  36  5  3  12  11  Ce  77  65  66  70  64  69  9  7  28  25  Th  11  10  11  11  10  10  2  1  3  3  Nd  34  29  28  31  29  32  3  4  11 
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Fine-Grained Granite
Fine-grained, hypidiomorphic, equigranular granite ( fig. 5 ), in places verging on medium-grained and seriate, makes up a small (0.6 km 2 ; 0.24 mi 2 ), slightly elongate body within the porphyritic granite containing fine-grained groundmass ( fig. 2) . The fine-grained granite has 1 to 2 percent biotite, minor, disseminated tourmaline, and some feldspar that weathers light rosy red. Hydrothermal alteration that significantly modifies original textures and mineralogy is not developed in this phase.
The subhedral to shreddy biotite is yellowish brown, but it is largely replaced by muscovite. Muscovite, as much as 1 or 2 percent, also forms intergranular grains. Small, opaque grains commonly accompany muscovite. Plagioclase is subhedral and unzoned. A few grains of zircon are included in biotite. Traces of tourmaline occur as anhedral to euhedral interstitial and intergranular grains.
Chemistry
Major-and trace-element data for three samples of porphyritic granite containing coarse-grained groundmass, three samples of porphyritic granite containing fined-grained groundmass, and four samples of fine-grained granite (including a dike, sample AH-21) are listed in table 1. The least felsic sample (AH-24, 68.18 percent SiO 2 , normalized) is from the fine-grained-groundmass porphyritic granite unit. Sample AH-24 was collected from the central part of the pluton, near the contact with coarse-grained-groundmass porphyritic granite; a small, biotite-rich clot was observed in outcrop here, and this sample contains slightly more biotite than the others. The major-oxide composition of the porphyritic-granite samples is generally similar (fig. 6) FeO+MgO ranges from 4.56 to 5.66 percent (averages 5.23 percent), Na 2 O ranges from 2.92 to 3.24 percent (averages 3.11 percent), and K 2 O ranges from 4.07 to 4.77 percent (averages 4.50 percent). The major-oxide data reported by Reifenstuhl and others (1985) for three samples from the Taylor Mountains pluton are similar to that for the porphyritic-granite samples reported here.
The fine-grained granite is distinctly more felsic than the porphyritic granites (table 1; fig. 6 ). SiO 2 ranges from 73.97 to 76.46 percent (averages 75.3 percent), CaO ranges from 0.35 to 0.64 percent (averages 0.49 percent), FeO+MgO ranges from 0.90 to 2.15 percent (averages 1.52 percent), Na 2 O ranges from 3.05 to 3.60 percent (averages 3.31 percent), and K 2 O ranges from 4.59 to 4.99 percent (averages 4.87 percent). The principal major-oxide differences between the fine-grained granite and the porphyritic granites are in their CaO, FeO, MgO, and TiO 2 contents. On average, these oxides are much less abundant in the fine-grained granite than in the porphyritic granite. SiO 2 , Na 2 O, and K 2 O are relatively similar between the fine-grained granite and the porphyritic granites, although there is a 3-percent SiO 2 gap between the most felsic porphyry and the least felsic fine-grained granite ( fig. 6) .
The trace-element data (table 1) show strong differences between fine-grained granite and porphyritic granite. Compared to the porphyritic granites, fine-grained granite is strongly depleted in most trace elements, including Ni, Cr, Sc, V, Ba, Sr, Zr, Y, Nb, La, Ce, Th, and Nd ( fig. 7) . Overall, base-metal concentrations in all of the granites are low; Cu is generally lower (0 to 9 ppm) and Zn is distinctly lower (30 to 53 ppm) in the fine-grained granite versus the porphyritic granite. Cesium has variable concentrations (14 to 58 ppm), and uranium has low concentrations (3 to 7 ppm) in all the granites. The Taylor Mountains granites, even the very felsic fine-grained granite, are not highly evolved in their trace-element contents. For example, compared to tin granites of Seward Peninsula, Alaska (Hudson and Arth, 1983) , the Taylor Mountains granites have low average concentrations of U (5 versus 17 ppm), Th (7 versus 46 ppm), Cs (27 versus 40 ppm), and Rb (230 versus 570 ppm).
Age of the Taylor Mountains Pluton
A sample of the coarse-grained-groundmass porphyritic granite was dated by the 40 fig. 9 ). All four of these ages, and our one new Ar/Ar age, are from what we interpret to be the oldest phase-the porphyritic granite containing a coarse-grained groundmass ( fig. 2) . By using all five ages, the median age for the Taylor Mountains pluton is calculated to be 65+2 Ma. The pluton apparently was emplaced in the earliest Tertiary or the latest Cretaceous. It is slightly younger than the hypabyssal felsic intrusive rocks and related gold mineralization at the Shotgun prospect (70 to 68 Ma; Hudson, 2001) , 70 km (44 mi) to the southwest, and slightly older than the epizonal granite and related tin mineralization at the Sleitat prospect (56.8±2.8 Ma; Burleigh, 1991) , 103 km (64 mi) to the south-southeast of the Taylor Mountains.
The Taylor Mountains pluton was emplaced in several phases between 67 and 63 Ma, putting it near the middle of the Late Cretaceous and early Tertiary episode of magmatism (75 to 50 Ma; Moll-Stalcup, 1994) widely distributed through southern and interior Alaska. Emplacement of the Taylor Moun- Figure 8 . 40 Ar/ 39 Ar age spectra for sample 05AH19 from the Taylor Mountains, southwestern Alaska. Shown are age, Ca/K, and Cl/K spectra. tains pluton also was during the peak magmatism (72 to 65 Ma) in the Kuskokwim mineral belt (Bundtzen and Miller, 1997) . 
Mineral Occurrences
The Taylor Mountains pluton has one area of known hydrothermal alteration. The Whitewater tourmaline occurrence (locality 2, fig. 2 ) is a fault-or joint-controlled zone of strong tourmaline and quartz replacement of the fine-grainedgroundmass porphyritic granite. Rubble crop of massive blocks of black tourmaline and quartz as much as 2 m (6 ft) across are distributed over 30 to 60 m (100 to 200 ft) of a northwest-trending linear zone across the ridge crest ( fig. 10) . Two samples of this alteration, collected and analyzed by the Bureau of Land Management, have low metal contents; for example, 100 and 300 ppm As, 106 and 107 ppm Cu, 5 and 15 ppm Sn, and 3 to 15 ppm U (Ellefson and others, 2005 ). An additional two samples collected by the USGS show more elevated metal contents of 89 to 789 ppb Au, 2 ppm Ag, 224-770 ppm As, 209 to 359 Cu, 40 to 103 ppm Sb, and 5 to 28 ppm U (Klimasauskas and others, 2006) .
Other mineralization in the Taylor Mountains area is evidenced primarily by placer deposits. A lode occurrence of wolframite in a quartz vein cutting hornfels is reported east of the pluton (Hudson, 2001) , but the principal wolframite occurrence is in a small, placer gold deposit on an unnamed Ar data for biotite from sample 05AH19, Taylor Mountains, southwestern Alaska.
[Weighted average of J from standards = 3.298e-03±8.605e-06. mW, megawatts. Cum., cumulative] Figure 10 . Rubble of tourmaline and quartz replaced granite at the Whitewater occurrence (locality 2, fig. 2 In general, data from samples taken from within the granite pluton and from peripheral mineralization suggest that a large mineralizing system did not evolve during crystallization of the Taylor Mountain pluton. Veins scattered through hornfels and nearby sedimentary rocks of the Kuskokwim Group could be contributing to the placer deposits.
Discussion
The initially emplaced coarse-grained-groundmass porphyritic granite represents a magma that may have partially crystallized at depth to develop its large K-feldspar phenocrysts, but upon emplacement at epizonal levels, gradually cooled and crystallized in place. The similarity in chemical composition and coarse-grained mineralogy between the two porphyritic granite phases shows that their principal differences are textural. The magma that formed the fine-grained-groundmass porphyritic granite crystallized coarse to very coarse biotite, plagioclase, quartz, and K-feldspar at depth. Mobilization and upward movement of this part of the magma system, along with, and perhaps to slightly shallower levels than, the previously emplaced porphyritic granite, appears to have initiated crystallization of its fine-grained groundmass. The parent magma for both porphyritic granites was very similar.
The fine-grained granite is the late-evolved phase of the Taylor Mountains pluton. Its small size, interior location, texture, and distinctly felsic composition identify it as the residual granite magma in this system. Its composition can be explained by removal of biotite, zircon, and sphene from the magma that formed the porphyritic granites. Fractionation appears to have produced small amounts of residual granite elsewhere in the subsurface of the system as evidenced by fine-grained granite dikes that locally intrude porphyritic granite ( fig. 2) .
Although fractionation evolved distinctly felsic residual magma in the Taylor Mountains pluton, this magma was not highly enriched in fugitive or volatile components. Muscovite, some intergranular and some replacing biotite and plagioclase, is the common late mineral phase in the granites; it is the principal hydrous phase in the fine-grained equigranular granite. Minor tourmaline is the other late-crystallizing mineral in the granites.
The Late Cretaceous and early Tertiary regional magmatism that includes the Taylor Mountains pluton is scattered across interior Alaska from the Alaska Range north to the Yukon-Koyukuk region and from the Bering Sea east to Canada. Magmas were emplaced across this vast 600 by 1,200 km (370 by 750 mi) province throughout the interval between 76 and 50 Ma (Moll-Stalcup, 1994) . The plutonic and volcanic rocks in this magmatic province range from calcic to alkalic, but are mostly calc-alkalic (for example, fig. 5 from Bundtzen and Miller, 1997) . Magmas in this province have both mantle and crustal sources (Bergman and others, 1987; Moll-Stalcup, 1994; Arth, 1994) . There is an apparent shift in general compositional character at about 63+3 Ma; younger rocks appear to reflect melting of a larger proportion of lithosphere, including continental crust (Bergman and others, 1987) . The Late Cretaceous magmatism has been interpreted as a magmatic arc developed above a fast-converging, shallowdipping subduction zone (Bergman and others, 1987; MollStalcup, 1994) . The early Tertiary rocks in the province may have developed in a post-subduction setting (Bergman and others, 1987) .
The Late Cretaceous tectonic setting produced high heat flow in addition to extensive magmatism in interior Alaska (Daggett, 1987; Miller and others, 2007) . The crust in the part of southwestern Alaska that includes the Taylor Mountains is continental in character (Arth, 1994; Saltus and others, 1999) . The overall felsic composition of the Taylor Mountains pluton suggests that its parental magmas were derived from melting of this continental crust in response to subduction-related high heat flow.
Conclusion
The 68 to 63 Ma Taylor Mountains pluton is an epizonal, composite biotite-granite stock. The stock is composed primarily of two compositionally similar porphyritic biotite-granite phases having textural differences developed in response to different emplacement histories. Fractional crystallization of the magmas produced a small amount of fine-grained residual granite. The residual granite, although distinctly felsic, is not strongly traceelement or volatile enriched. Mineral deposits in the area are primarily placers whose sources were probably veins in country rocks to the Taylor Mountains pluton rather than hydrothermal systems related to granite crystallization. The Taylor Mountains pluton is thought to represent melted continental crust; its parent magmas developed in a high heat flow setting during the waning stages of Late Cretaceous subduction beneath interior Alaska.
